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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a load characteristic 
and a battery capacity of a nonaqueous electrolyte 
secondary battery comprising a compound to have an olivine 
structure as a positive electrode active material. 
SOLUTION: This is the nonaqueous electrolyte secondary 
battery equipped with a positive electrode having positive 
electrode active material layer(s) containing a compound 
expressed as a general formula LixFe1-yMyP04 (wherein, M 
expresses at least one kind selected from a group consisting 
of Mn, Or, Co, Cu, Ni. V. Mo, Ti, Zn. Al, Ga, Mg, B or Nb. 
Further, 0.05<x<1 .2, and 0<y<0.8.), a negative electrode, and a 
nonaqueous electrolyte. A film thickness of the positive 
electrode active material layer is set in a range of 25 to 110 
jam. In case positive electrode active material layers are 
formed on both faces of a positive electrode current 
collector, respectively, the sum of film thickness of the 
positive electrode active material layers formed on both 
faces is within the range of 50 to 220 jxm. The nonaqueous 
electrolyte may be either a liquid phase electrolyte or a 
polyelectrolyte. 



1£ 

f 



z 



iilii 
iilil 

illtij 

iffiil 

itel 



12' 



14 



SI lip 

e; is -t: 

mum 



m 

lii 

mm 

Ipllp 

fe. li ?l it 

mm 



13 



LEGAL STATUS . 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 

the examiner s decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 



17.08.2004 



BEST AVAILABLE COPY 



l-i++r\*/ /lAnitnAflQ inHI nr*ini err* in /PA1 /rociiH-/HA+5»;i/main/wAAARtflnn.«inA414117R.'^,'^P1 htm PnOfi/O^/O.'^ 



Searching PAJ 2/2 ^— v 

[Date of requesting appeal against examiner s 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



/DAI /.^i»o..i4^/w<>4^o;i/rYioinAii/AAAPtann.snAdidii7A.?/tPi htm pnofi/n^/n.'^ 



(i9)H*BiiffF/r (jp) <i2) ^ §1 1^ ^ ^ (A) aimmmw^mm^ 

#112002-117833 
(P2002-117833A) 
(43)4iBIH *JS£l4^4^19HffiO02.4.19) 







F I 


f-73-F*(##) 


H 0 1 M 4/02 




HO IM 


4/02 C 5H0 2 9 


4/58 






4/58 5H0 5 0 


10/40 




10/40 Z 
B 








fl^C9ft4 OL (^12M) 


(21)aiR»* 


4$S200O - 308301 ( P2000 -308301} 


(71) mi® A 


000002185 










(22)fflKB 


¥je£12^10^ 6 B (2000. 10. 6) 












a;ii pwj£ 








it^»;ilK«:»;tl6TB7«35<» v=; 






































(74)f^A 


100067736 








#a± /has « (^i-2«) 











(54) mRO^fm #;!ic«»Sii^»c«l& 



(57) 

[§iii] y niymm'imsriit^^'&iEmmn t 

So 

». Mn. Cr. Co. Cu. Ni, V. Mo, Ti, 
Zn, Al. Ga, Mg-, BRi^'N b *'6;'j:'5>g¥J: 
\mfc'prj: < i 4> 1 «€«T, Sfc. 0 . 0 5 ^ X g 
1. 2. Ogy^O. 8-C*.5. ) t?*Sti-5'ffc-&iKl* 

jS©MJP«. 2 5~ 1 10 Mni<DS5HF«g{c|S5E3n-5, 

*S5 0~2 2 0 um<DWmH-C^i,, ?^ 




1 

[fg*fln -i?S^L i .F e,.,MvPO,fc/cU. M 
K. Mn. Cr. Co, Cu, Ni, V, Mo, Ti, 
Zn. Al. Ga. Mg, BRD-'N b*>6^£^ef 
«n/cil>i^j: < <t I «*a-r. 0. 0 5^x^ 

1. 2, O^y^O. 8X-S>i>. ) ■C^3nS'ft^=& 

tc]Emi<iiiimm<Dmmo>^MW 50-220 m m©®ffl 

[0 00 1 ] 
CO 00 2] 

[0003] ±fz<DJ:^f3:r:'Xmm<Dfp-ci>nt>c. 

[0004] V'^'t>^^*>IL'AMmi3i, 'ptj:<ti>'J 

^^St£«. iES(c*$L>-C >; 9^ A :t>*5S»?S*(C 
^ A -f 3f- > *i - U - ~> a > -r -2. C i CC J; -7 r 

-i/av-rs. -ra*?-^. jEffi3>»60';5^'t'A'f :*->*5 

fi@rSK3SCcfcB A 0 -r ^JSl&friai 0 MT C i k: J; -p r ^ 
[0005] y A :i- >z:;xs?fe©iE@ffit> 

*>6. LiCoO,. LiNiOz. LiMn^O.^A^ffl 



C2) iRF^2 0 0 2- 1 17833 

2 

[0006] ctiJcjpfL. * y^i^m'&^m-mt-^m 
(Ci*3t9) 5 :t y t'>M V A y >^^b^) y 9^ a 

LiFePO, », <*mmK*53. 6g/cm^ iA^ 
10 <. 3. 4 V©K^{4'S:^^L/. ai&SM*>17 0mA 
h/gi:*:*t>, S/c, LiFePO, tt. VMW^ 
V, mgi{b^fl«JK:lftF--7^te^cL i FeM^Hl 
^fcOK: Hl^^■ctiS©t?. y ^-^A-Ysj-v-yc^tfe 
©iESrS^^lSi L.-CWIi^£W*4-C*-S. Ld^^L i F e 
PO, W. StSfi!j«:as-c^«cW4r*Si*%-e©iffl 

^cfJicWL-Tt^S/ti*. ±i^©LiCoOj, LiNi 
[000 7] 

■T'S.^ry t:'>^y^'f Ay>®?{k!ej-c*-5)*5, 'Sta'^© 
[000 8] :t y f >M y ^^-i? A y >ig{t!B5 

it^, +^afiit#t**fiS©*4ilH,i«tl,>'>X'^,%« 

[000 9] :©^?f^^tt*±tf ^(ctj, iE®r§«»®»©il 
30 Wfc*M*©t6<*-5S(l^*Jii;?.. ^fi©ffiT3&sraS{c«c 

[0010] -ec-c2|i:%?B». 3&>3{psfie*©iifl?ccisi^ 

r*iiS$n/c4>©f*r>r. :t y e>^ji€rWT^{fc;^ 

[0 0 1 1 ] 

[^M5:Js-^-r5/c*©^iis] ±m<Dmmimf&-ri>fc 

40 ,F ei.,M.PO,/c/ct>, M», Mn, Cr, Co, C 
u. Ni. V. Mo. Ti. Zn. Al. Ga. Mg. 

■r, S/c, 0. 05^x^1. 2, O^y^O. 8r5> 

W&Sl^m<Dmmifi2 5~ 1 1 0 mm (li|HII^&©*8 
^, Mffi^tf-C5 0~2 2 0 ym) ©IgHWcabSCi 
4!|$at<i:-rS«>©-Cd6€., 

[ 0 0 1 2 ] + y fcr>My 5^-5 a y >K^b'^». s^e 
50 m^ifis.L(.»fc!sb. cn^iESffiigjsiatcffltifctB^. 



3 

[0 0 1.3] tcfcL, iEmm^mm(Dm$^m< vm^ 

[0 0 1 4 ] *:^^«:*ji,^r{3:, cn^^^^cr, IE 
[0015] mMsmnm<DmsifimsEmmi^-c$>ti 

[0016] 

[i6B^©jits©ji5®] OT, :^fm^mmLfc$mm.m 

[0017] $trs*7jtc. 07i<.mns*m?tMmm-c$> 
[0018] immmmzi^imm i «. mi tc^r j: ^ 

CC, ^«^M-r-5jflEffiW2tmffi1vt3<!:*i. -fe/N-U-^ 
[0 0 1 9 ] iEffi**2«. r^l'5-'i'A|g^*^6^c^iE 
iESM 2 (*. -Sifi^^CiES - F 9 *5iK fttf 

[0020] jEms'^mm a tc^w? nsiESffi^wt 

r.,MyPO, itcfcL, M»Mn. Cr. Co. Cu. 
Ni. V. Mo. Ti, Zn. Al, Ga, Mg. B. 
Nh<D'prj:< ti>im&J:.^^0. 0. 0 5^x^1. 

2, o^y^o. 8v$>^, ) -cm^tiiit-^^kmn 

[002 1 ] 2p:Wc*5l^-r«. ftSi-r-SL i F e PO. 
C0022]«T, L i.F e,.vM,PO,<!:LrL i F 

[0023] LiPePO, ^Sffi^mJ. L i F e P 
O, S!-7-0«ffifC, Sg[L i F e PO4 sK[^=-<D5&S«Cit 

■rS©t?. |^^tm<tL i FePO, <t*>6fiJ^SnS 
L i FePO, mmm-^mt, m«L i F ePCi 

ii^-r-5im-?-e^fife(c@tirci5. -rjtcto^. l i f 

e PO. ^Mm-^it. L i F e PO, «4^©affi(C^* 
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FePO« **©SS€r+^{C?|#tBSnS. L/c*J-, 
r. iE@r£!g5WiUrL i F e PO, ^1g^«c?:fflC> 

•5 c i J: «3 . issfi*«-r -s^^mw^s^ife 1 imm 

[0024] L i F e PO, ^Jgffi^^tcfct:f 
*S/c«5<D;^#Wa«. 3Sa%Jil±-C*-&Ci75i*f 

soc^. L i F epo, ^mm-^mcisii^miiLmMm 
fcK><o^m^m&ifi3mM%^m-ci>i>m-^. l i f e 

PO, nT<Dmmi>ci^mvxi,^^^n.T<D&f)i+^x^ 

[0025] LiFePO, ^^^^<*^^fiS-rS]^^ 
340~1360c m-MCffl^f ■SlHlJfi^KJPfT^jgS: 

i57o~i590c m-^ic\iim-ri>M9vm<Dm'smm 

itA (D/G) A50. 3Jil±-C&Sfe<D?:J?®«:fflt>S 

[0026 ] CC-C. ^SfflttA (D/G) it. 7^ 
20 >^^SfCj:S3aiJSSn/ci^l 5 7 0~1 5 9 0 cm 
Hcm^ai-r'SGf-i'ta^^l 340~1 360 cm-*. 

h^v^^mitA (D/G) is«-r.s„ * 

[0 0 2 7 ] ±aL/fcJ:^CC. G r ®-7-7>;^'^i7 h-'V 
©^S>Sf-^©4itcig?^l 5 7 0~ 1 5 9 0 cm-'CC 
^n^Gf-i'ijK^l 340-1 3 60 cm-^tcmtl 
eDb*-i'<i:Pf«tl42-?Ot--i'*sS^$n.S. C© 
30 Df-i7», j|s:3^Gb*-i'e&*©fc"-i'r«A=c 

», Gr©m^/c«J§©RS<t^c«^. Df-i^iGt- 
i't©?®Sffi«A (D/G) «. Gr©att:^|fi]*SS^ 

[002 8] c<Dj:^rj:^mm^tv-at. M^t^miC 

40 [002 9] ±mLfcJ;:^tj:^mMmitA (D/ 

G)3&so. 3W±"eA6pe^«*4«. m««J^srf& 

P^f .St¥©i!!H®?:*6-rc<!:-t?f#SCi*s-Clfi, 

(D/G) ?rW-r.&p?^W4^tf ■5Ci*s-C*S. 
[003 0] swe^«rab^iii8«. ilMM 

~ ;l/^©?S^Aj:«&^g;&ffl(,>rt9»-r i c i-c:^ 

xmrnmrnitA (d/g) ijiti^Ts. osf). 

<DaiteBSffl«:fiJfai-r4C<bC{:J:-5rfiE^©A (0/ 
50 G) . ■rrj:t>^o. 3fcl±r*4gS!S*t«if«:^K:^4 



C4) 
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C 0 0 3 1 ] S/c. L i F e P O, 

2. 2s/cm' «±t?*SC<!:*li!f* L/t*. L 

i F e p o , mmm-^mt. ^<Digiw^&^ 2. 2 g / 

c &.±trj:^mmi^^^n(tCMLX 5 V > if^m 

1 *je^-C^^. Sft:. L i F e PO, 10 
L i F ePO, <Dt\:Mmm'hi%i^bri^i>tl^ 

iLs. LiFePo, tmmmnto:>mmmm 

[0032] LiFePO. j^^1®-^^*CDl&^S*^ 
2. 2g/cm' ^m-C&i>m^. LiFePO, 

[00 3 3] L i FePO, ^«a^ftCD:/;^:^ 20 

10. 3m' /€r«±t?*5C«t*JffSL/l». 
LiFePO, mm^'^<OQ E Tth^ffia* 10.3 
m' /g«±fr'5t, #.firSa^fc«?K:*JW^.L i F 
ePO, <DVcMWm^-^^f^i^^^>iy<Dt-ri>Ckifi-V 
^. LiFePO, i^W*4i©ltME«^7^*<-r 

*?i3lK:|Di±$ ■a-.s C tifi-C^ -2). 
[0 034] Li FePO, ^1g^t*©l'X 

3. 1 MmJj(T-CA-SC:i*5$?*bl.>. LiF 30 
ePO, iK^IS^OKXSl^^S. iMmWTi-rS 
CtfCj:"?. ^ffimS^fc'JtCfcl^SL i FePO. © 
it^ffiS5r+:9'«:;^&l'>fe©i-rSCi*i-C#> L i F 

ePo, tmm¥mta>mmm^iz^<t^ctifi'c 

[0 03 5] IE®§!f«?M)l«C$WSn^^#^J<i: 
^Ci*5f#^. 40 

[0 03 6] ±i^<DJ;^4c. iESrSBsKiLrsj--; t> 

HJl©;f5«. 2 5~1 1 O/iin (2|s:^-C53:Sffi^^-C 
*€>©-C, it5M^t1-t?5 0— 2 2 0 lum) <D®fflF*1(C-Cc 

[0037] ±SSJEmm'Sm<Dm^i»2 5 ttm*SI 

S<. iEtC. ±geiEffirSfJWJl©/S3*il 1 Oum (W 
M^if-C 220Mm) «:ffiiL«i. «HSf«Ftt©fiT*« ^ 50 
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[003 8] 3 =- -J ^yvrn'^mt^^tft htah 

■m^'sm.w 1 0 aMmi<c%msm'sm 1 1 t^i^^^nx 
t^s. ft@M3tc«, -igififi^tcft®';- F 1 ztm*) 

[003 9] %mmm^m 1 1 «, :ii@rgt!m<!: cr. 

rj*, ^ISV^^-^A, •;^'j7A^^. •;5^'i;A35iF-:7' 
m^^fflt^SCiJ&st?*^. C©«@?giB5aSl 0 

[0040] wjm.mmz::-xw!ii i m@tf 3 ©^i:^ 
ji^rtffliji^c^fcJg^, -&<D5tm<D^tc<iffiW3<Diiii:)?isj 

7i<Mmm~-Xmi& 1 ic*sc^-CW< ftSM3 *5iE@M2 J: 
^L i FePO,»L i C o C^SEtCikUr^iftm^fCjSSt 

m-r s L i mifi'prj: <^m<j^'y ^(Dmmmtm^ h n 

0 . 0 5m m*?il?c i 5 Jf$fiSB5tC^-rtx*sgfe 0 

fcti^tc. Affii!t3^si5©(as3&5iEe**2«gsptiH»aiB 

3{PF«iffliJ(CA-:>rL$5«*«**o */c, >tfflil2. 0mm 
*J0. 0 5mm7!fS0. 2mm<!:«c-5J:5fCiESt*2K: 

[0 04 1 ] H2/>*u-5f4», iEmi2<ojEWtmiinm. 
8<b. A@**3©:a«iffii^sf«i 1 i^Mtras-a-s^)© 

T$>0. C©5S©^^7Kli^«— 'Xm?l6©•fe>'^•^-:S^<^:U 

^Rtf ^ :/a fU>)S<k'©W:S-^-7 ^ ;UA*sfflt,i6n 
-5. */c. -k^^U-fAit. yg^^-^A-^rt^e^six 
^ ;U <t ©M^*' 6 , © Jl^^ d5-c ^ S W > 

>t«5 0 MmWTJ&ia^-Cib^*. 
[0042] ^N*m^fK— yjliiife 1 iciii^xit, m 1 «: 

3f4^/MyTfflMsn, a^-ommjsm^^tixm^^ 

[0043] #^*m^?R<t 5J. ^y'u F >tt^fzk^ 

[ 0 0 4 4 ] #f*^j«<b UtTK. «a|^«:;^PtU>*- 
jK*-F. x^U'>/7-jf<*- F, y^U>*-jK4^- 



(5) 



Tj^-^V. 1. 2 h^>-X:$7>. 1, 

h ^(Djftt^;^ - h ffiffiT ^ C <!: ^ L 

[0045] */c. i^imm^mm'^^i>nmmt{^x 

m^\t. Li pp.. LiClO,. LiAsF.. 
LiBF*. LiCF.SOa. LiN(CF,SO.)z^ 

AS<^*trfe#tC. LiPFe. LiBF.^MfflT^C 

[0046] mtifeS&6 ii. ^m^C:^y ^}\y^ v^tm^ 20 

[0 047 ] ;xcc. ±^<DJ:^(^cmf&^ri^07i^mmm 

[0 04 8] sr. iEffifgl^J^iUrL i.FePO.i 

3FeS04- 7H20+2Na2 
->F e3 (P04) 2-8H20 + 

[005 5] ^fSMMX'A^ V ^mm-^ATkmrnf^ 

F eit^^'f)^^fSL^ti^tci^. L i F e P04J^^1t^ 

[0 05 6 ] Liif^L. mfcmc^^F e''(DF e'*^<D 
ib^^r^^m^. F e^^:^^ii7C$n#n*rccL i F e P 

[ 0 0 5 7 ] -ecr. y gy\7k«3JB9Et'(7)gfc^a 
im&(fCi^'ri>F e'^oy^^m^e imM%&.rt^isb 
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[0049] CCDiEffi^S^r^^-rSKIti. L i « F 
e PO.cD^JiSJ^.f4^S^O. ^y>t^*liSL', i^fiS; 

i«F eP04 0^)?SI^>$4<hUr5^. LiaPO^i. Fe 
, (PO,) ^Xilt^(Dymmx$>^F 63 {PO4) , • n 
H.O (fcfciy. n{t7mmx$>^. ) t^mi^^o 

[0 05 0 ] &.r. ^fSMMtLx. oymv^^^M. 
(LiaP04) TiBoc^*rj:^^i/r^^sn4y 

>^^-^A*?Oia (Fe3 (POJ z ' 8H,0) <t€r 
fi^tf^Ci^CtO. L i FePO^j^^a^fl^*^^ 

[0 05 n^-r. L iF ePo,(D^fmnti^mu 

[005 2] m^Jimxu. ^mimt ur . o >mv 

^(^c^m^^mmLxm^^tr^. 
[0 0 5 3] ^fSMMt urfflc^^ y >mm-m/\yKm 
m^t. mmm-tiymm (Feso^ • 7h,o) ^*tc^ 

iB?(2NaaHP04- 12H,0) ?:^JnO. m^(Dm 
[0 0 5 4] 

[it I] 

H PO 4 • 1 2 H aO 
2Na2S04+37H20 

[005 8] tji^. y >Mm-0cA7K««a«r*JSTSBR 

[0059] s/c. -^^nf^tcaiflosn^i^^m. 



40 ^^m<D y i*A*fiI1?3'l3^c^S n F e ' ^ 

mSLmifCF e'*i:F e'-l,cM7trri>m7tmtLXm 
r^i. :^H^(D^f&m^±^n. L l F e P04^mffi 

^*4^C^*tlSF e'^COF e'*^(Omitif^±'ti>m 

itmsi:^\^Lxm<o -^tj:fy%^ mM^Mt.. ^fiRfJX 

J:«3, F Q^'ifiF e''^mt^tiXl,'i'>Ct^V3±'r 
50 4o 



[0 06 0} r ^m^nitt. ±mLtcJ:^ic]E 
is. c<Dmmptnit. l i f e po, ^mm^oim. 

Wmttj:i,<D-C. L i F e PO,sg^«^©^fiRfg{C 
m^-r^'£-^ii^fj:i.\ Lfcifi-yX. L i F e PO.gi^ 

[006 1 ] JJcfc, L i F e PO,mMm-^m>^^ 
a*fc») ©p^^^Wfi«, 3 M%«±i -r €. C <h*5S7 
S L/tn L i F e PO,^*Jg^i*©m<iffiM«)A:>)<D 
5^$WS*3aM%«±i-r-5Ci{Cj:0. LiFe 

[0062] 5 > i'lg-ct*. ^l^x^■r•^i6nytzg 
[006 3] ii^XS-cf#6n/c^M^!^(c 5 y > i^*;^ 

[0 064] ^)j£Jlif4*^Wr ^?1^1«)(C 5 y > i^?r*fe 
«SJfi«)S»«S«c 2 2 >S 5. J: 5 Jc-r 4 c * 

L I 3P04+Fe3 (P04) 
-»3Li FeP04+nH20 
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10 

tK<tf3. -^mima, mmmti-x. •^^sit>K:+^ 

Mjffr-* 0 . LiFe P04ig^1g^f*©mffi^fiR*5t 

[0065]*^:. LiFeP 0,j^1i^(*®«»f*?g 

S*5 2. 2 g/cm^li(±<i:^j:SJ:5fc, 5y>^^lte 

*»/Wb-r hcticj^t). LiFePo, <Dtmmm=S: 

:K^<r?>CtifiX^i>. Ctl(Cj:*3. LiFePO, 

t^mmmt<Dmmimm'S::f^^<r^ct^ix^, ies 

[0066] L/<:*S-5-C. •&^Mt4*^*-r*S^{C 

[0 06 7] m^mxiit. 5 y >i'ist? s y >i/* 
20 «3, yv^y^-^^Ai y>gt^— i^-v*iat5i«:J®&s 

•S, L i F ePO,*^fiS;-r€>. 
[0068] LiFe PO,©-&fi£5JS», T^{b2iC 

l/i-Cl*. LijPOni, Fe, (PO4) zX{*-e©7K^n 
!B}-C*-5F e, (PO,) , • nH,0 (fc/cU, n(3*«I 

[0 06 9] 
[{b2] 



2 • n H 2 O 



[0 070] ±fa<b2 fCTS-rsft;^*^ e.?^ 6 a^^c j: ^ 

tc, ^EKJlf4il/-CF e, (PO,) ,^fflt>/clS^> gij 
^«J**ii;^cln Fe, <PO,) , • nH,0* 

[007 1 ] tC SEJjtli^fiaSi^t OTgtKy 

LizCOa+ZFe (CHsCOO) 2+2NH4H2PO4 
-»2L I FeP04 + C02+H20+2NH3 + 4CH3COOH 



^c-'i'A, y>K-*^T>*-'t'ASc>'B^^i* (ID* 
mmitX'U-^L. mf$.L, TiS^b3K:^-rSlEK:j;-:,-c 
LiFe PO,*^fiRLr(,»/c, 
[0 07 2] 
[^b3] 



[007 3] ±ieib 3 K^-rsicESMp e>w e>*>«t i ^ 

fC. ®e*©L i Fe PO,<D-^^:^;Sr». i^^fcW 

fc^. L i FePO,<DiR^*iffiTb-rc»A:, 
[0 07 4] hlfihUlfih. -^iSm tl^XLi.PO, 



i, Fe, (PO,) ,X«^©**aiB)-C*SF 63 (PO 
,) , • nH,0 {fetch. nWTklalS-CAS. ) i^ffl 

e«J!Bj»-C*.5L i F e PO.%fll6ti<b. m^tfi!^* 
50 S?B:^t?t3:. S!l^«5!^*sjjR#r*^*!a:©-c. ftiSX 



n 

CC. SiJSfefiS^JCO^**:^*^**©-^ L i F e PO, 

[0075] ii^©«^«rtf ^^©i^SK«. ±ia 

©^R£7?^{C<fc D 4 0 0 'C- 9 0 0 'C i f S C i *SpIfiE 

CtWSLl^o i^fiS?aS*54 0 O'C^rS-Ci-Si. it 
,P04tSE©;Fife!mi>!»«i¥eEL. m—tnL i F ePO,* 
■Si. iteS^t*S3i*J«:3t?TL.-CL i F e P 0.©iKiT-*5 

< 9 . L i F e p o, tm.mint<ow&mmifi 

[ 0 0 7 6 ] «lt!S;^{C*Jt<»T. ^tS?nfcL i F ePO 
.g^^S^^*© F e CJ 2 ffi©R«lr-*) -5„ C©fc«t>, 

^js?ag-c*^ 6 0 0 °ces©ajKfcfet,»r l i f 

ePO,;^«a^»45©F e«. ^#H^*©MjRK: 
<fcorTt2^b4 tCm-rSlfiSltc J: 9 F e ' * {cii-?'*>JcS? 
^tsnru*^. c:*T.{c|agbr, affl^Fe-fk-^^ 
©:7;iisfi!^*isfefi£3n. L i F e po, ^mm-^foMm 

[0077] 
Ht4] 

.6LIFeP04+3 /a Oz 
-»2Li3Fe2 (PO4) 3+Fe20s 

[0078] ^cr, mmmntLxmm. r;i'ri> 

fflCi-Sii'Jjfc. ^^#H^4^©®E^?*S'S:. LiFe 
PO,g^a^<*tti©F eTjiMfbSn^Ct^ffiH. -r^cfc 
^1 0 1 2ppm Ji^Ti-rSCi*55fSL/C». 

«gfiK#Hm*©K^s*. 1 0 1 2 p p m mm) &. 

T^-T'SCiKlcfcf), 6 0 0'C@K©-^^SKfc*itir 
fcF e©m{b4P;5±l/. LiFe PCpSmS^^©^ 

[0079] igEt!R#H«*©i?*?^S3!)^ 1 0 1 2 p p m 

UXLf^fc^. LiFe PO,^a^*©#tS^^ 

6 n-C L- * ^ « * S . 
[0080] m^(OL i F e P 0.^3R1fi-&f*:©IX«5 
|±lLfC-5(,^-n3:, «gfiKft©L i F e P 0,j^^1t^i*© 
IX9Uil/MS. r^ciD^L i F e PO,e^ffi^i*«r:^ 
^^fCSS-riBSCL i F e po,i^sgtt^f*©iaew 

3 0 5-CI>lT<!:-rSCi*Jjff*OI,>. «lfi£f^©L 
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i F e P 0,g^^«^i*©BX 0 a l/SS* 2 0 4 'CWT 

<!:-rSCi*ii:i9J(f*0C»o L i F e PO,j^S^<* 
©momUjaK^a 0 S-CfelTi^'SCifcJ:*), jgH^R 
^©L i F e PO,MIR«^«:tti©F e *l:;*:fl*©KSR 

[0 08 1 ] i^fiSf*4CL i F ePO,^mm.-^i^^+^ 
«:^L^Cli«e,®-CB(«5ffll//fc«^. L i F e PO,^ 

*t*L i F e PO,|^«^«c*?ft^Lfc©-C«, 
?J!l^©ffiT^ig<^*s*^o 
[0 08 2] L/cA^o-C, ;gERRf*©L i F e PO,p^ 
a^<*©lX 0 ffl LSS?: 3 0 5 -CfetT i r C i J; 
»). «Sfi!tf*©L i F e PO,M^a^i**©F e*SASi 
4>©K^tc J: «5 m ? tir :F^i^3&s*fiS^ ti^ C i ?rES 

•? . ^fe^tti L-rjtf * Lt>!f#i4*Wr-5 L i F e P O 

20 [0 08 3] i^cfc. i^;jSf^©L i F e PO.;^«^l* 
©?&*Ptt«!l^rt-Cif ^Ai, C©<b#©?#*P*;^a. g 

0 1 2 p pm {{m) «Ti-r5J:^(c^»i^iS14:f/ 
;^i©^l^*';^. X(*^tt*'^©*?:i^fiK^PF*iti:«if& 

[0 08 4] ±iBic*ic»r(*, 5 ^j'^^^m-rm^mM 

[008 5] fc/co. ;^*t*4*i^f^«:^fln-r4ti 

^, «lfi£^©®7c^*, S!y=K<bP^ih55!il^*ff^c<t« 
■C#-r, «imtt(S]±3i*m©.i!*'©/c«{)iCffiCi-2)<bC^'5^ff= 

^. ffe©^m(CJ:i3Fe'*©^#*Si5±-riCi*S!£:»S 

[ 0 0 8 6 ] *;rc. ^min^mmk^mm-i>m^. 

SIfiRfCj: «5^fiSS*iyi:*E5»JL i F e PO.^a^ 

40 WX\S.r£<.^ LiFePO,-C*5„ ^Cf. i^fiSOCj: 
O^fiSSn/cL i F ePO.K.m.W^'^^^mmXyfdik. 
Wigs l/^i/^Sfe-r. 5 >;>d'*WS?f^C<!:{Cj:»3, 
8S»nL./c^«1vti^«^*ffl^bStx, L i F e PO,©^aD 

L i Fe PO,i^^1vrf4i3!)^+^(Cig^5ti€» 
©tr, aMk^tl/cg^^^^L i F e PO,©«MK 

50 i F e P OMmi-^W^m C i Aioltl-C* «? . * 
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[0087] ±^CDJ:'5(CL/r?i6nfcL i F e PO, 

[008 8] iE#W2<tL.r«, ST, itmmn'mtu 

.iESffi«}ff JB 8 ^WMt S C i {c J: iEgW 2 dJf'M! 3 

[ 0 0 8 9 ] C ©i * . iESrg!^@S 8 ©|gyi*i, K-® 
2 5~1 1 0 Mm. MS^itS 0~2 2 0 Mmi/j:-5J: 

[0090] ±M£itm^^i^mmt L-C«. ;2:ftl©^ 
[0 09 1 ] :$:Wc*jl»r{*. ±aL//cJ:^JCL 

ipepo, t^mwo^'^ii^^iEmmii^tv'c^ 

^H^jcfcc^r, iE«rSiB)W«:«. l i F e PO, 
r^fflLr4>J:<, S/cL i F e PO,J^i^^1••C^)o-C. 

y I^>MifeH^«Bt*W^S-)KiCL i . F e,.,M, F 
O4 (.tctcL. M«Mn, Cr, Co. Cu. Ni, 
V. Mo. Ti. Zn. Al, Ga. Mg. B. Nb® 
it>!5:< i«> iafei±*«L. 0. 05^x^1. 2. 0 

^y^o. 8-c$>^. ) nm^n^it-^^m'&i-c. x 

©iL/rtJ. «»1^«L i Fe...Mn...P04. LiF 
e..,C ro.,FO,. L i F e,., C o. .. FO,. LiF 
e,.,Cuc.8PO,. L i F eo.jN io.PO^. LiF 
e,.„ V,.7, PO,. L i F e,.,,Mo,.,,P04. Li 
Fc.jjT i. T.PO,. L i F e,.,Zno.7PO,. L 
i F e,., A 1 ..,P04. L i F e».,Ga,.7P0,. L 
i F e,.„Mg..7sPO,, L i Fe,.„B..75P04. 
L i F e..,,Nb,.7sP04**Ptf6n-5. 

[0 09 2] ft@W3 1 LTtt. *-r. nmimmti^ 

[0 09 3] iE®«2 iftffiWS <t«. lEffiMZ iictbl/ 

0. 0 5mm7bM2. 0 mnHtiKfCJi^fiSSn?., 
[0 09 4] C©»{CUT»6tl/cjEffi*t2i:&®**3 
i^. ra{C•fe.'^•^-^S'4^ri2L-CS^Hlx. mfAM^ 

[0095] m«?@iS'&#^*^*fc^ 
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[0 09 6] -e-ut:. mmmei^ici^mwi 3=i:ftLx 

i:f:^ir y h 1 4*/MyrM«cl 5i^:^^ilgl 6?:^ 
rtefii 6 fc*> L/*f=tW 4 c t tc J: ^zK^Sfn-X^fe 1 

[009 7 ] &.±<Dj: ^ic uxmmstitammmmm 

10 [0098] Jfefc. ±iB«C*5t,>r«. ±i^L./tJ:^tCL 

[009 9 ] S/c. ±a!L/c<fc ^/w:*t«I©^N7l<mfi?fffi^ 
[0100] 2ts:^Bj;&jgfflLfc^^7Km^WMrlk 

)Vit^^smDiK^^mi^mmm(Di«fti « i > c i *i 
30 ccr. m^m»mmmtbru. mitv^'y 
A. 3'i'^i:yg=-'i'A^*5^cf6n€>. sfc. is^^ai* 

e.^co, ^©iS^<t^«- ^y (ig^u>:t+-y--^ 

y U- h ) x;^7^;l'Sig^. ri' 'J U- h^lS^ 

<fc*s-r*€>o c©ig^, y;i/ttmfBa©-7 h y 

40 ^i^cig^^W4iL/r«, mtf. 'J^y (t^-y-T^^^ 
^i/ita^-^ K) ■¥». 'J<y (f-y7=>-7^u^D7-< F- 
co-'v+•t^■•7;^3^^y^t•^>) ^©^-^^ifif^ 

;j<y (x5^b>:t+-y--< K) m^giig^^i^dri'Oi 
-7";ujgii5^. $/cii<y (Ti'yoj^h y;i-) /si'* 

[0101] 

50 i^-c. ll!llg*«:a^(,>t:giiHr4. <lliSl>3)s^®8 
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L i FePO, mSHm-^t^^^mi^. f#P>tifcL 

1 F epo, mmm-^i^^JE^is^'mtbxmi^^-c^TK 

[0 10 2] 5t-r. ]Em&mtLXL i f epo, m 
r. 

CO 1 0 3] 3E-r. Li,PO,iFe, (PO,),-8 

1 : 2tLXmM \ 0 0 mmCDT-iU 5 :f 

■iSffliSMiiK^ 5- h 2 r L A - po, J (.f?mmi'm 
[0104] iiss'i^-ii' 5 ;b 5 y > i^^fi^^ifeiiis 20 

: 2 0 0 mm^ltelil^ : 2 5 0 r p m gKlellteSfc : 

2 5 0 r p maiQ^lffl :10h;^K:. 5';>y«r*SL 

©^^(ctre 0 0'C(DSS-c5B#ra«ifiS-r^.c<!:K:<i; 

9 L i F e PO, i^tt^f**f#/c. 
[0105] C<DJ:'iiCLXmtcL i F e PO, mMm 
C©L i Fe PO,i^a^t*i> 

-2 -fa V K>{c^5-t5[2-&rx vy-fJi Lfc, 30 
[0106] jE^ma^t Lxm^ 2 O w m. ti 

[0107] C©<!:*, «l{C^n-rJ:^{CiE®S«JSiJl 

[0108] -^3. nmrnrnt or. m^juf^tcstt 

t:-^;5^^ffll\ cnCC^^^tf-^tSS^ 1 0~2 0% 40 

0 0 •c-c^fiKor;</7xt^g^ccjac^l4«©il^iS^« 

(0 02) M©ffifflfi» 3 . 7 6 A-C. XttJI» 
1. 5 8-C*^/c. 
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[0109] C©J:^{CLrffft:g^tm«^9 Oasgp 

[0110] 'Ave. -^mmwt Lxm$ loum. m 

5 8 mm(Dm^<DmtS^mMU. ■?-©MMK:±iB:g®^ 

smfmux^iK<onm=s:imuft, c ©<»:*. 

[0111] -b^-^U-iihCXit. m^25 um(Dmi 
[0 112] C©J:^^CL.■r^f/c^S^g^F■*-•;''5^;^^ 

[0 1 13] 'Aic. c©m?lfete©t|JCc:7'a fu>*-;K 
(PC) 5 0^fi%iy^5^;U:<7-^":jv- h (D 
MC) 5 0^fi%<!:©S^]ggJ«{CL i PF. ^\^>V/ 
1 fc^fSflE^rftAC/cio 
[0 114] S^CCTX:7r.»l'F?:^^&0fci^**;^-Jr 

[0115] iE@«!^m>l©i53^&^^rf'PML/c§1f 

[0116] aj:*5. ^ims^nmmm<ommit. >x© 

[0 1 1 7 ] 5fe-r. ^mtfeKMLT. 2 3"C, 1 A©S 

0 0 m A <Dj£mmsLm^m±mK 2. ov^xn^rc. 

[0 1 1 8 ] 3 6tc. ^^micMux 1 c^m^n-yiiL 
'ik, 0. 2csfem*^±«ff2. ov*Tm\ 0. 2 

[0 1 19] H^iC, 1 C^S, 3CttS*?T 

l\ 3CScmSa«:jl?*;^c„ 0. 2C©gt^^«?rl0 

#tt<t LXmrnUTc, i(g*€r« 1 {cjnT. 
[0120] 
[«1 ] 
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- r" ^tr* '■-r. dAw, Bsa fjs? 


15 


25 


50 


75 


90 


110 


125 


140 




30 


50 


100 


150 


180 


220 


250 


280 


^{*^®iRj^ (%) 


27 


18 


10 


7 


6 


5 


4 


4 


(mAh) 


484 


722 


1040 


1194 


1253 


1310 


1343 


1370 


3 cmmmm 

(mAh) 


470 


701 


1006 


1150 


1195 


1194 


1081 


940 


3 cmm&mmtH^ 

vs-0 . 2 CiiSfli 


97.2 


97.1 


96-7 


963 


95.4 


91.1 


80.5 


68.6 




X 


O 


O 


O 


o 


o 




X 



[0121] mim&.tc-at. mm^mh^io omA 
jEmmmmmom^u, >tffi2 5 mnJi^± (ms^ 20 

tf-C5 Oum&.±) , 1 1 Onmiiir (MB^tt-C2 2 

[0122] J^C*?, iES^fJ^i L-r, L i F e PO, 
^m^i^Oi^io'OiC, L i F e„.,Mn..,PO,j^ 
L i F e..,C r...PO.B^Jg«^i*. LiF 
e„..Co„.,PO,|?^ffi^tt:, L i F e„.aCuo..P 
0,g?^S^«w, L i F e,.,N i c.PO,|^^^^(*. 
L i F e,.„V..,,PO,^fgjfi^. LiFe..„M 
o..,,PO.sag«^«:. L i Fe..,,Ti..,sPO.^ 
^S^ft. L i Fe„.3Zn,.,PO,;^^«^^*, L i 30 
Fea.^A l..,PO,KSJg^(*. LiFe,.3Ga.., 
PO.ig^tt^t*. L i F e,.,,Mg,.,, PO,M3R»^ 
L i F e..„B..„PO.i^^«^ft. LiFe 

. . . s N b , . „ p o,mMm^i^^-^ix^timi>^xmm<D 

^{cfe. iEffirg!gJM)l©ll3*M-M2 5Mnit(± (WS 
^ti-C5 0 lumJi^i) .110 /t/mJ^T (MBD^ft-C2 

$ ti S C i -5 fc. 

[0123] <|lil2 >*||iir», riiij v-mvfefco 40 

,[0124] 5t-r, M@€«T© J: 5 iCLXi'^M Ltc, 

[0125] i^H'C'/cii^^&^g ofifisct. mmmt 

P^l/. 3 6K:cn^N--j'9^;i'-2 -fo >; F>{c:^ 



[0126] 'Al^. iEm=&'^X(OJ:'^icVmbfc, 
[ 0 1 2 7 ] jmi -CimLtcL i F e PO, ^^g-^ 
ft^SSaSSP. ^^^PJiL-ri'^^T'f h€rl OSS 

[0 1 2 8 ] C©iEffi^*. N-y5^;l'-2-fn>J 

F>fc^ifcS-ffrx^ y-iufc. -eL-t:. c©x5y 

-•§:iES*^i*<!:^j-5>/l^ 2 0 m m©r 5 --i? A?f © 
f^. o - 7- U ;^«t?ffipg^-r 5 C <!: fC i 0 iEg^f'P 

[0129] iEffiRCf*S©SiJSJa*«J|?fiK3n-ri,»^c 

t»a5^ (iESwr;i'5-'i7A?s. ±K. T 

5 - X. 6 .SiE^T- y - F&C/- y j!,. iP, tj: 

^M^T y - F*^«L fc. 
[0130] S6{c. y;i'S»®%i^{cj:5K:0T?i 

[0 1 3 1 ] •^+1f7;l':ta7"ah-U'>*i6. 9Sfi% 

31±. v^;H*©^S^ Prists L/C, -Xi.>-c. 
©«WHS?R{C. I^::.U>*-7K:^-F (VC) *0. 
5Sfi%©fiI^-caSflnL/ry;H:»:^®^?g<»:{^fc. 
*J, ^N^mjSjSiL-r, x5^u>*-*r4',- I- (EC) 
<!:, :7*OfU>;<7-**4'^- F (PC) tiiWmt-CQ : 
4<Dm^'Vm-^Lfcm-^^lx:L iPF, iO. 8 5m 

[0132] ±^y)iimf»m^m^nm. iEm±ici^ 
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[01331 yjimm'm'k^^Lfcnm. m>iEm^^ 

JUS^MffliJ^Jl^ 2 5m mC>S(?L14# V b* I- >7 ^ 

[0 134] 5 5:^-h7^Jl'A*>6ili4t*A<*tC±SB 

^^^■?r#AO. 2 0 0-C> 1 o#©^fr-r->-;i'^ 

fc. 

[0135] iEffir§^«^©Jl$*%;?.■r^^i^L/cS•t^ 

C 0 I 3 6 ] •Sr(!fi§S^fii§f!^14®fP«B». '^X<D 
[0 1 3 7 ] 5tr. #^fe(c>!=rLr. 2 3°C. 0. 5 A 

fc. C©B$©)!iSc^S<&l5)»3fiScm^StOfc. 

[0138] 3 eec. Sfi?fefc?rtLr i c3£S4?f ofc 
0. 2cffim?:i^±«ff2. ovsrm^ o. 2 

[ 0 1 3 9 ] * fc. luiitc, 1 C3(£m, 3 cmm^n 

3CSc«s§fS%*fefc. 0. 2CcymM^s.^io 
obvfct^-^<D2,cWim^mm.mm (%) suf 
WtttoTMiyfc, iKm4^2K:n^x-r= 

[0140] 

[^2] 





15 


25 


75 


110 


125 




30 


50 


150 


220 


250 


(%) 


32 


22 


9 


6 


5 


0. 2CjRmigM 
(mAh) 


244 


381 


677 


755 


777 


3 cmM^^m^^ 


94.3 


92.2 


88,9 


743 


54,9 




X 


0 


0 


0 


X 
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[0141] C©^2*><=>feig6*>«cJ:^{C. ^>;%'- 

tLh (Wffi^ti-r-5 0 MmfeLh) . 1 1 0 wmt^T (M 
M^H-T-2 2 0 Mm«T) CCt9:5£-rSC ija^S* Lt^C 

[0142] ^c*i. lE^ri^Wi t^r. L i F e PO, 
^m.-^W<DiXt>*)iC. L i F eo.,Mn... PO,^ 
a^*. L i Fea.2Cr...PO,i^^«^<*. LiF 
eo.jC o,., PO,p^^a^(^, L i F Co .1 C u 0.. P 
10 0,g|^«^it. L i Fe,.,N i...PO,g^««^. 
L i Feo.2,V,.,,PO,g^3R1t-^. Li Fe..,,M 
o..,sPO,i^|g1S^«J. L i Fe„.„T io.7,PO,g^ 
mfS.-^W. L i F e„.,Zn,.,PO,M«a^», Li 
Fe,.,Alo.,PO,g^«^, LiFeo.,Ga..7 
PO^mm^W. L i F e,.„Ms..,,PO,;^IR1g^ 
L i F eo..,B„ 7, PO,jK^!*-&«:, LiFe 

. . . , N b . . , s p o, ^«^i*«:-e-n-enfflor ^ 'J V 

-®i*f^SL/, l5l«©P^ffi*tf-pfciC6> li-rtl© 

m^K.i>. IESffii^M^©J13*M-ffi2 5 wm«± (M 
20 ffi^H-C5 0 /nmt^±) .110 MmWT (MM-^tf-C 
22 0umt(T) (C^STSCt-C. ^li?feSS, ig© 
?gf!m43!>»SgS $ *l 5 C i *l tojJp fc. 
[0143] 

W©#*^»K-'>:S?fe«:tet,»r«. iEffir£!Bjirib-r 

rS^S^©;i3*^®{tori,^S©f . «iS^imrfe 

30 [Sffi©®#^j:SiHB] 

[El] ^^*S»flg-'XS?lfe©-«fiK^?:^-reil^»fM 

1 i^'m.mLr^tmm. 2 jEStt. 3 Asist. 4 
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F A (#^) 5H029 AJ02 AJ03 AK03 AL02 AL12 
AL16 AM03 AM04 AMOS AM07 
AM16 BJ02 BJ14 H302 m04 
5H050 AA02 AA08 BA16 BA17 CA07 
CA08 CA09 CB02 CB07 CB12 
CB20 DA02 HA02 HA04 



